Background: Previous research has established the relationship between cannabis and psychotic disorders. Whether cannabis use is related to transition to psychosis in patients at ultra-high risk (UHR) for psychosis remains unclear. The present study aimed to review the existing evidence on the association between cannabis use and transition to psychosis in UHR samples.
Introduction
Cannabis is the most popular used drug worldwide, with an estimated 2.8 -4.5% cannabis users in the general population and 7.1% cannabis users in Western and Central Europe [1] . Use of this drug has been associated with a range of adverse effects on adolescent psychosocial development and mental health [2] . In particular the association between cannabis use and the occurrence of psychotic disorders has been well established [3, 4] . Recent reviews on the association between cannabis use and psychosis risk show that cannabis use is associated with roughly a twofold increased risk of developing psychosis [5, 6] . This risk increases to almost threefold when individuals use high potency cannabis (skunk) [7] , which is suggestive of a dose-response effect. Further evidence for a dose-response effect stems from studies of the same research group indicating that while the age of psychosis onset is three years younger for individuals who use cannabis than for those without such a history, the age of onset drops to 6 years earlier in those who use cannabis daily or those who use skunk [8] .
Although one review on predictors of psychosis in individuals at 'ultra-high risk' (UHR) for psychosis [9] showed that a history of substance abuse was one of the risk factors associated with an increased risk of developing psychosis [10] , there is less evidence of a dose-response relationship in the UHR population. To date, studies investigating the association between cannabis use and transition to psychosis in UHR patients have reported inconsistent results [11] [12] [13] [14] . The studies that did find an association included a measurement of severity of cannabis use (i.e. lifetime history of cannabis use or cannabis abuse/dependence disorder in remission) and showed that UHR individuals who met Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) criteria [15] for cannabis abuse or dependence showed a greater risk of transitioning to psychosis compared with UHR individuals who did not meet these criteria (lifetime users or non-users) [16] . This finding suggests that there might also be a dose-response relationship between cannabis use and transition to psychosis in the UHR population.
Considering the inconsistent results in former reviews [17, 18] , a more extensive synthesis of the existing data in the form of a meta-analysis is warranted in order to understand the role of cannabis use on transition to psychosis in UHR individuals. The present review and meta-analysis aimed to bring together all results on cannabis use and transition to a first episode of psychosis in UHR populations. Following evidence from previous research [14, 16] we hypothesized that (i) lifetime cannabis use is associated with transition to psychosis in UHR individuals, and that (ii) current cannabis abuse or dependence is associated with an increased risk of transition to psychosis.
Method Data collection
Following the PRISMA database search guidelines (www.prisma-statement.org), relevant articles on cannabis use in UHR patients were identified using the search databases 'EMBASE', 'MEDLINE' and 'PsychINFO' from 1996 to August 2015. We combined the following sets of keywords:
(1) 'clinical high risk' OR 'attenuated positive symptoms' OR 'brief limited intermittent psychotic symptoms' OR 'genetic risk and deterioration' OR 'basic symptoms' OR 'familial high risk' OR 'prodrom*' OR 'at risk mental state' OR 'ultra high risk' OR 'attenuated psychotic symptoms' OR 'high risk' (2) 'substance abuse' OR 'substance use' OR 'substance use disorder' OR 'cannabis' OR 'marijuana' 'tobacco' OR 'hallucinogens' OR 'cannabis misuse' (3 'risk factors' OR 'psychosis' OR 'schizophrenia' OR schizo*' OR psychoti* The search resulted in 5559 potentially relevant articles. One study was added after manual searches in PubMed [19] . First, articles were screened on title. Second, abstracts were scrutinized on relevance. Third, a final screening of the full text was conducted. Eligibility was independently assessed by two researchers (K.Z. and T.K). In case of disagreement, a third researcher (M.vd.G) was consulted.
Data extraction (Fig. 1) Articles were considered eligible if they:
(a) included data on individuals meeting UHR criteria as defined by the Comprehensive Assessment of the At-Risk Mental State (CAARMS) [9] , or the Structured Interview for Prodromal Syndromes (SIPS) [20] , or the Schizophrenia Proneness Instrument, Adult Version (SPI-A) [21] , or the Schizophrenia Proneness Instrument, Child and Youth Version (SPI-CY) [22] or the Basel Screening Instrument for Psychosis (BSIP) [ Articles were excluded when cannabis use was not assessed separately from overall substance use, leaving a total of 12 publications. If publications reported findings from overlapping study samples, the study with the largest sample size was selected for the meta-analysis. For example, of the four studies from the North American Prodrome Longitudinal Study [24] , the largest cohort [14] was selected instead of two previous reports [16, 25] . In addition, the cohort of Auther et al., 2015 [14] was selected over Buchy et al., 2015 [26] because of the more extensive statistical analysis that was used in the first study. Last, the Dutch Prediction of Psychosis Study (DUPS) was part of the larger European Prediction of Psychosis Study (EPOS) cohort, and we therefore selected the study reporting on the larger EPOS cohort [11] instead of the three papers that reported on the DUPS cohort [12, 19, 27] .
After exclusion of studies with overlapping cohorts, seven publications were left including data of 1171 UHR patients, which were used for the quantitative syntheses (see Table 1 for characteristics of the studies). Additional data were requested and have been provided by Dr. A. Auther and Dr L. Buchy. 
Data analysis
We conducted two random effects meta-analyses with Comprehensive MetaAnalysis (CMA; version 1.0.25; Biostat, USA). The first meta-analysis examined differences in transition rates between UHR individuals with lifetime cannabis use compared with those who have never used cannabis. The second metaanalysis compared transition rates between UHR individuals with cannabis abuse or dependence compared with lifetime cannabis users and non-users.
Heterogeneity of study designs and protocols was tested by χ 2 , reporting the I 2 statistic. I 2 could be 0%, 25%, 50% or 75%, indicating no, low, moderate or high heterogeneity [28] .
Publication bias is the result of selective publishing, i.e. small studies with positive outcomes are more often published than studies with negative outcomes. Publication bias of positive outcome studies was corrected using Duval and Tweedie's trim-and-fill procedure [29, 30] , which generates an estimated pooled effect size after the potential influence of publication bias is adjusted for. 
Results

Effect of lifetime cannabis use on transition to psychosis
Seven studies reported on lifetime cannabis use and were used for the first metaanalysis examining the relationship between lifetime cannabis use and transition to psychosis in UHR individuals [11, 13, 14, [31] [32] [33] [34] . Overall, cannabis use was not significantly associated with an increased risk of transition to psychosis with an odds ratio (OR) of 1.14 (95% confidence interval (CI) 0.856 -1.524, p=0.37, see Fig. 2 ). The Q test and I 2 indicated that the study design and protocol of the included studies were not heterogeneous (see Table 2 ). Although Egger's regression test was not significant (p=0.16), there was an indication of publication bias in the funnel plot (three studies missing). A trim-and-fill procedure showed a slightly higher OR of 1.31, but this remained statistically insignificant (see Table 2 ). 
Effect of current cannabis abuse or dependence on transition to psychosis
Of the seven studies included in the first meta-analysis, five studies determined cannabis abuse or dependence according to DSM-IV criteria. These five studies were examined separately in a second meta-analysis in which we investigated whether current cannabis abuse or dependence was associated with an increased risk of transition to psychosis in UHR individuals [13, 14, 31, 33, 34] . The results showed that current cannabis abuse or dependence was significantly associated with psychosis risk with an OR 1.75 (95% CI 1.135 -2.710, p=0.01). Our results showed no indication of heterogeneity: Q test was not significant and I 2 = 0 (see Table 2 ). Egger's regression test was far from significant (p=0.58), but the funnel plot showed that one study was missing. A trim-and-fill procedure slightly increased the OR to 1.81 (see Table 2 ).
Discussion
In the present study we investigated the literature on the role of lifetime cannabis use on transition to psychosis in UHR populations. More specifically, we examined whether meeting DSM-IV criteria for current cannabis abuse or dependence was associated with an increased risk of transition. Our results suggest that current cannabis abuse or dependence, but not lifetime use, is associated with an increased risk of transitioning to a first episode of psychosis.
Effect of cannabis use on transition to a first episode of psychosis
Lifetime cannabis use was not predictive of transition to psychosis. This finding is in contrast to studies in the general population, in which associations between cannabis use and psychotic symptoms have been established [6, 35] . The lack of an association between lifetime cannabis use and psychosis could be explained by the fact that the association is too weak to detect [18] . For instance, the definition of lifetime cannabis use (having used cannabis at least once) may have resulted in a group of subjects in which dose and impact of cannabis use is that minimal that its influence on transition is negligible. It might also be that lifetime cannabis use is associated with attenuated positive symptoms or UHR status, but not with transition to psychosis, although this was not investigated in the present study. In examining current cannabis abuse or dependence, the association between cannabis use and psychosis did become apparent. A possible explanation for our findings may be that because lifetime use was defined as previous or current cannabis use, the group of lifetime users might have resulted in mainly previous cannabis users. Subjects in the group of cannabis abuse or dependence were all currently using cannabis, which might explain the increased effect of current cannabis abuse or dependence on transition to psychosis.
Our results suggest that there might be a dose-response relationship between cannabis use and transition to psychosis, since our findings show that current cannabis abuse or dependence, but not lifetime cannabis use, is associated with an increased risk of psychosis. Our results are supported by findings from studies in the general population [35] [36] [37] and psychosis samples [8, 38, 39] , in which dose-response relationships between cannabis use and psychosis have already been demonstrated. In these studies, type of cannabis (skunk or high potency) and frequency of cannabis use were in particular associated with an increased risk of psychosis [7] . However, in the UHR studies that we included, the findings concerning frequency of cannabis use and the risk of transition to psychosis are inconsistent. For instance, while Philips et al., 2002 [33] reported that there was no difference in frequency of cannabis use in relation to transition to psychosis, Valmaggia et al., 2014 [34] reported that frequent use and early onset of cannabis use were associated with an increased risk of transition to psychosis. Therefore, it is important to further investigate this relationship in future UHR research.
Our meta-analytical results should be interpreted cautiously because the OR of 1.75 was moderate and based on a limited number of studies. However, our results correspond with previous research. For instance, in the general population an OR of 1.4 was found for individuals who had ever used cannabis and the onset of psychosis, and an OR of 2.1 for individuals who used cannabis most frequently [36] , which is further supportive for a dose-response relationship. Our slightly lower OR compared with the OR for frequent cannabis use might be due to the fact that a large proportion of the UHR individuals in our meta-analysis may have received some form of therapeutic intervention for their attenuated psychotic symptoms. A therapeutic intervention aimed at the prevention of psychosis may have resulted in lower transition rates [40, 41] , which subsequently might have affected the possibility to detect an effect of cannabis use on psychosis.
While the dose-response relationship hypothesis is supported by general population and psychosis studies [35] [36] [37] [38] , our results may also suggest that there might be an underlying vulnerability for developing general psychopathology, that could result in both psychosis and cannabis abuse or dependence disorder. For instance, there are several factors that are linked to both an increased risk of psychotic disorder and cannabis abuse disorder, such as low socio-economic status [42, 43] or traumatic life experiences [44] [45] [46] . Thus, it remains unclear whether cannabis use directly affects the development of psychosis, or whether cannabis use and psychosis are both expressions of other underlying (adverse) environmental factors.
Another explanation for the association between cannabis and psychosis is the 'self-medication hypothesis'. This theory states that UHR individuals use cannabis in an attempt to cope with their (attenuated) psychotic symptoms [47] , although more recent studies have contradicted this theory [34, 37] . For instance, one study reported that the main reason for termination of cannabis use was the adverse effects of cannabis use on attenuated psychotic symptoms [34] , making it unlikely that UHR subjects use cannabis in order to cope with their symptoms.
Overall, our results indicate that it is important to examine dose, frequency and amount of cannabis use and to distinguish between lifetime cannabis use and cannabis abuse or dependence in UHR subjects. In UHR studies to date, subjects who use cannabis on a frequent basis are sometimes excluded [14] , while our results indicate that the most frequent cannabis-using population might be the group with highest psychosis risk. Although future studies should aim to further elucidate the (direction of the) association between cannabis use and psychosis, our results emphasize the need for targeted treatment interventions aiming to minimize or reduce cannabis use in this vulnerable population.
Limitations and strengths
Our meta-analytic findings must be interpreted in the light of several limitations. The first methodological issue is that the present study did not control for potentially confounding factors, known to be associated with both cannabis use and transition to psychosis. For instance, potential factors such as alcohol use, other drug use, tobacco or age of onset of cannabis use were not taken into account in our meta-analyses because these data had only limited availability [14, 34] . Of the studies that examined confounding factors, the study of Corcoran et al., 2008 [32] found that the association between cannabis use and psychosis was not affected by alcohol use, other drug use and medication [32] . However, Auther et al., 2015 [14] found that the relationship between cannabis use and transition to psychosis was weakened by alcohol use. Therefore, it is important to take these potentially confounding factors into account in future research. A second methodological issue is that no information on dose and type of cannabis was available. This is a limitation, because the risk of conversion to psychosis may vary with the level of tetrahydrocannabinol in cannabis [7] and information on dose and type of cannabis may contribute to establishing doseresponse relationships between cannabis use and psychosis. A third limitation of the present study is that most studies included in the meta-analysis did not assess continued use of cannabis during the follow-up period, which could influence the risk of conversion to psychosis [34] . A fourth limitation was that our metaanalysis yielded some indication of publication bias.
Despite these limitations, the current study assembled all studies on the relationship between cannabis use and transition to psychosis and conducted the most extensive quantitative synthesis of the existing literature to date. Examining the exact dose of cannabis use is warranted for future research.
In conclusion, our results show that current cannabis abuse or dependence is associated with an increased risk of psychosis. Our results suggest that there is a dose-response relationship between cannabis use and transition to psychosis. However, our results may also indicate that cannabis use and psychosis are both expressions of other underlying (adverse) environmental factors such as low socioeconomic status or traumatic life experiences. Future studies should incorporate these factors to elucidate the direction of the effect. Overall, our results indicate the need to focus on cannabis abuse or dependence in the treatment of UHR individuals.
